Aim: Dental implants have emerged as a new treatment modality for the majority of patients complaining of missing teeth. Bone quantity and bone quality are among various factors which ensure the longevity of dental implant in the patient's mouth. The assessment of cortical bone thickness of the outer layer and the cancellous bone density by cone beam computed tomography (CBCT) has proved beneficial for the patient. This study aimed at presurgical measurement of crestal bone thickness at various implant sites using CBCT images.
INTRODUCTION
Removable or fixed partial dentures were used to replace missing teeth in the past. With new advancement in the field to prosthetic dentistry, dental implants have emerged as new treatment modality for the majority of patients complaining of missing teeth and are expected to play a significant role in oral rehabilitation in the future. 1 Apart from high demand of dental implants among patients, there are many related factors affecting the success of dental implants. The first group of factors is host-related factors on which success rate of the implant depends, such as age and gender of the patient, oral hygiene status, and
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deleterious habits, such as smoking and various systemic diseases. The second group is implant placement siterelated factors, such as implant position in jaw, quality and quantity of bone in which implant has to be placed. Surgery-related factors, such as angulation and direction of the implant in the arch and the efficiency of an operator constitute the third group. The fourth group is implant fixture-related factors, such as length and diameter of implant, surface roughness, and microstructure and macrostructure of an implant fixture. The fifth group is factors related to implant prostheses, such as prosthesis type, retention method, and occlusal scheme. 2 Bone quantity and bone quality are among various factors that ensure the longevity of dental implant in the patient's mouth. Various studies have revealed that implants placed in mandibular arch have high survival rate than those placed in maxillary arch. Hence, presurgical evaluation of bone is mandatory to assess quality and quantity of bone in implant site. 3, 4 Earlier, intraoral periapical radiographs, ultrasonographs, and panoramic radiographs were the choice for evaluation of quantity and quality of bone since all these methods lack precise information as two-dimensional (2D) nature of imaging modalities. This shortcoming has been overcome by newer diagnostic aids, such as CBCT due to its three-dimensional (3D) nature. The assessment of cortical bone thickness of the outer layer and the cancellous bone density by CBCT has proved beneficial for the patients. 5 Considering all these factors, this study aimed at presurgical measurement of crestal bone thickness at various implant sites using CBCT images.
MATERIALS AND METHODS
This study was conducted in the Department of Prosthodontics in 2015. It included 218 patients who wanted to replace missing teeth. All were informed regarding the study, and written consent was obtained. Patient's information, such as name, age, gender, and missing teeth was recorded.
Patients were subjected to CBCT scan using NewTom CBCT machine operating at 120 kVp and 5 mA with a resolution of 0.1 × 0.1 × 0.1 mm 3 . New Net technologies software with a slice thickness of 0.1 mm was used in this study. A total of 780 implant sites were identified on images of 218 patients. In all patients, the measurement of crestal bone thickness in the region of implant site was performed with NNT software. The measurement of thickness of crestal bone was done in sagittal cross sections obtained after CBCT. Measurements were done in four sites: Anterior maxilla (Fig. 1) , anterior mandible (Fig. 2) , posterior maxilla (Fig. 3) , and posterior mandible (Fig. 4) . The measurements were recorded in millimeters. Results thus obtained were subjected to statistical analysis. A p-value <0.05 was considered significant. Table 1 shows that out of 218 patients, males were 110 and females were 108. The difference among gender was nonsignificant (p > 0.05). Graph 1 shows that out of 780 implant sites, 370 were in maxilla and 410 were in mandible. The difference was nonsignificant (p > 0.05). Graph 2 shows that out of 780 implant sites, 210 were in anterior maxilla and 160 were in posterior maxilla; 235 sites were in anterior mandible and 175 were in the posterior mandible. The distribution was nonsignificant (p = 0.15). Table 2 shows that mean of crestal bone thickness in anterior maxilla was 0.82 mm, in posterior maxilla was 0.76 mm, in anterior mandible was 1.08 mm, and in posterior mandible was 1.18 mm. The difference among regions was significant (p = 0.01). 
RESULTS
DISCUSSION
Dental implants have become the need of the hour for replacement of missing teeth. The longevity of implants and no need for adjacent tooth preparation as in the case of fixed partial denture, etc., have increased the demand for implants among patients. The success of implant depends on osseointegration of bone with dental implants. Better the osseointegration, more is the survival rate of the implant. It further depends on bone quality and amount of bone present. 6 This study was conducted to assess crestal cortical bone thickness at implant site using CBCT. In our study, there were 780 implant sites in 218 patients. Males were 110 and females were 108 in number. Maximum implant sites were seen in mandible as compared with maxilla. Our results are in agreement with the results of Hashim et al. 7 In their study also maximum implant sites were seen in mandible. We found that maximum implant sites were seen in anterior maxilla (280) followed by anterior mandible (235), posterior mandible (175), and posterior maxilla (160). Our results are in agreement with e results of Schnitman et al. 8 The aim of our study is to measure the width and not the number of implant sites, so the result should be related to a width only. Lekholm and Zarb 9 in their study classified bone quality and quantity into four types using 2D X-ray images. Type I bones were composed of homogeneous compact bone, type II bones comprised a thick layer of compact bone surrounding a core of dense trabecular bone, type III bones consisted of a thin layer of cortical bone surrounding a core of dense trabecular bone, and type IV bones exhibited a thin layer of cortical bone surrounding a core of low-density trabecular bone of poor strength. However, this method was completely based on the amount of compact bone with trabeculation. This method lacks exact analysis of bone quantity and bone quality as this utilized 2D images only. Moreover, being 2D in nature, distortion and overlapping of adjacent structures were also common. 10 With the advent of 3D CBCT, the analysis of bone quality and quantity has greatly improved because it had low patient exposure as compared with computed tomography (CT) scan with high resolution. 11 A study conducted by Sumer et al 12 revealed that CBCT is the choice of diagnostic modality for measurement of palatal bone thickness at implant sites. Miyamoto et al 13 in their study used CT scan for analysis with a resolution of 400 μm, whereas in our study, the CBCT scans had a resolution of 100 μm. Sugiura et al 14 in their study examined cortical bone thickness in posterior mandible and found a thickness of 1.5 ± 0.7 [mean ± standard deviation (SD)], whereas in this study, we found thickness of 1.18 ± 0.48 (mean ± SD) in posterior mandible. Similarly, Deguchi et al 15 in their study evaluated the cortical bone thickness and found more thickness in posterior mandible as compared with our study. In this study, the crestal cortical bone thickness at implant sites in various regions was as follows: Posterior mandible (1.18 ± 0.48 mm), anterior mandible (1.08 ± 0.30 mm), anterior maxilla (0.82 ± 0.32 mm), and posterior maxilla (0.76 ± 0.28 mm). We found that thinnest bone was seen in posterior maxillary implant site, owing to the presence of maxillary sinus. Thus, placement of implants in posterior maxilla should be done with care because of less cancellous bone density in this region and proximity of floor of maxillary sinus. 16 However, Gerlach et al 17 in their study found more cortical bone thickness on mandibles using CBCT study as compared with our study. Similarly, Baumgaertel and Hans 18 measured the buccal cortical plate thickness for mini-implant placement and found that it is more in the anterior mandible. Artzi et al 19 in their study evaluated the survival rate of 248 dental implants and found that the highest survival rate was seen in anterior mandible and the lowest in posterior maxilla.
CONCLUSION
The CBCT is efficient in assessing cortical bone thickness at implant site. The disadvantages of low resolution and distortion of image by 2D have significantly reduced. The highest thickness of cortical bone was observed in posterior mandible followed by anterior mandible, anterior maxilla, and posterior maxilla. Thus, considering the less cortical thickness in the posterior maxillary region, the implant placement should be done with proper attention.
